Two taxa of cupulate magnoliid fossil flowers, Cronquistiflora and Detrusandra, are described from the Late Cretaceous (Turonian, ϳ90 million years before present [MYBP]) Raritan (or lower Magothy) Formation of New Jersey. The fossil taxa are represented by flowers at various stages of development, associated fragments of cup-shaped floral receptacles with attached anthers, and isolated anthers. Both taxa have laminar stamens with adaxial thecae and valvate dehiscence. Pollen is boat-shaped and foveolate in anthers associated with Cronquistiflora and spherical with reticulate ornamentation in Detrusandra. Cup-shaped receptacles are externally bracteose in both taxa. The receptacle of Cronquistiflora is broader than the campanulate one of Detrusandra. Cronquistiflora also has more carpels (ϳ50 in a spiral vs. ϳ5 in a whorl or tight spiral). In Detrusandra the carpels are surrounded by dorsiventrally flattened structures (pistillodes?) that are remote from the attachment of the stamens near the distal rim of the receptacular cupule. Detrusandra stigmas are rounded and bilobed, while those of Cronquistiflora, although bilateral in symmetry, are somewhat peltate. The fossil taxa share prominent characters with extant cupulate magnoliids (e.g., Eupomatia, Calycanthus), but also share characters with other magnoliids including Winteraceae. These fossils represent taxa that are character mosaics relative to currently recognized families. Inclusion of these fossils in existing data matrices and ensuing phylogenetic analyses effect changes in tree topologies consistent with their mosaicism relative to modern taxa. But such analyses do not definitively demonstrate the affinities of the fossils other than illustrating that these fossils are generalized magnoliids. Additional analysis of modern and fossil magnoliids is necessary to fully appreciate the phylogenetic significance and positions of these fossil taxa. However, the results of the phylogenetic analyses do introduce the possibility that extinct taxa of Magnoliales with cupulate floral receptacles were transitional between basal angiosperms and those with tricolpate pollen. The fossils provide insights into the timing of evolution of character complexes now associated with coleopteran pollination.
Remarks-Cronquistiflora-All specimens of Cronquistiflora flowers/fruits (12 specimens) are variously incomplete. In each specimen, portions of the upper receptacular cup are missing, thus no specimens exist with attached stamens. Pollen occasionally found on the carpellate receptacles appears identical to pollen discovered in associated stamens in exine ornamentation, apertural configuration, and size. Also, these stamens were isolated from the same small samples of matrix that produced two of the carpellate receptacles and have not been isolated from other samples despite extensive sampling. For these reasons, and because the stamens bear trichomes similar to those on the cupulate receptacles, the detached stamens and carpel-bearing receptacles are presumed to represent the same taxon.
Cronquistiflora has a robust pedicel. The floral axis has a broad well-defined pith (Figs. 1, 10) . It is eustelic with bract traces in the cortex. Vascular bundles may or may not be entirely separate with limited secondary wood development (Fig. 14) . Vessels have scalariform lateral pitting and oblique end walls with 10-12 scalariform bars/ perforation plate (Fig. 15) .
Ovate, auriculate bracts are arranged spirally on the outer surface of the receptacular cup (Figs. 1, 10) . The bracts have elongate hairs on their basal adaxial surfaces (Fig. 13 ). There are also hairs on the pedicel in the region of attachment of the bracts (Fig. 13) . The inner cupulate receptacle wall is striate and glabrous (Figs. 1, 2) . At the base there are ϳ50 (49-55) ascidiate carpels in a helical arrangement (Figs. 1, 2, 4, 10, 11) . There are elongate hairs attached to the receptacular cup at the bases of each of the carpels (Fig. 6 ). Carpel sutures face the axis (Figs. 2, 3, 11, 12) , and stigmatic surfaces are peltate and polygonal in surface view (Figs. 3, 5, 12) . The carpel suture extends about halfway into the stigmatic surface and has ridged/wrinkled epidermis, while epidermis on the remainder of the stigma is smooth with occasional papillae (Figs. 3, 9) . The carpels have large spherical protuber- ances on the epidermis (Fig. 5 ). These are revealed as large spherical cells in sections of the carpels, and they are similar to the ethereal oil cells of modern Magnoliidae. Seeds are well preserved within the carpels. Seeds are attached marginally in two rows (Fig. 7) . They are winged with a proximal flange (? ϭ aril) and there are at least six seeds per carpel (Fig. 7) .
Associated stamens are ovate and auriculate (Figs. 16, 17) . There are four adaxial sporangia and these dehisce by longitudinal valves (Figs. 17, 18 ). The connective extensions are incurved and there are elongate hairs on the distal abaxial parts of the stamens (Figs. 16, 17, 19) . These are similar to those found on the pedicel, receptacular bracts and at the bases of the carpels (Figs. 6, 13) . Pollen (20 m in diameter) is sparsely preserved within the anthers and is monosulcate and boat-shaped with occasional longitudinal folds . Pollen exine is smooth foveolate with scabrate/rugulate sculpturing at the ends of the grains (Figs. 21-23 ). The pollen wall appears atectate in SEM (Fig. 22) . Variation in the width of the aperture is suggestive of the phenomenon observed by Ward, Doyle, and Hotton (1989) where in dispersed monosulcate grains, the aperture margin rolls up with the aperture membrane somewhat in the fashion of a window shade (Fig. 23 ).
Genus-Detrusandra Crepet and Nixon, gen. nov.
Type species-Detrusandra mystagoga Crepet and Nixon
Generic diagnosis-Flowers bisexual, with an enlarged cupulate receptacle bearing imbricate bracts (or perianth). Vascular tissue of pedicels with vessels with scalariform perforation plates. Inner surface of receptacle glabrous, smooth. Bracts auriculate. Several imbricate tepals borne on rim of cupule. Stamens (presumably) attached near rim of receptacle, laminar, fleshy, incurved. Anthers tetrathecal, adaxially embedded, opening by longitudinal valves. Pollen spheroidal without well-defined apertures, but with sulcoid areas, exine tectate columellate, reticulate. Pistillodes (?) present to outside of carpels. Carpels free, usually about five, attached to the base of the cupulate receptacle; lacking associated trichomes, stigmas bilobed, not peltate, not contiguous. Seeds more than six, in two marginal rows, distally winged, with a proximal flange or aril.
Generic description of Detrusandra-Inflorescence and vegetative morphology unknown. Flowers on pedicels 0.31-0.97 mm in diameter. Pedicels bearing spirally arranged bracts. Floral receptacle range: 1.0-2.5 mm ϫ 1.1-3.2 mm, campanulate, externally bearing spirally arranged imbricated bracts, width range ϭ 600-628 m. The extremity of the cupule bears several expanded ovate tepals, range ϭ 0.9-3 mm ϫ 0.6-2.4 mm, which invest the flower and are hairy on the abaxial surfaces. Upon abscising they leave a cupulate rim. Detrusandra is represented by at least nine fossil flowers/fruits. Some of these are preserved almost in their entirety (Figs. 25, 27) with the exception that there are no examples with completely preserved receptacular bracts. The cupulate receptacle of Detrusandra is narrower basally than that of Cronquistiflora and is campanulate/funnelform in shape (Figs. 27, 29) . The receptacle bears helically arranged bract bases on the outer surface ( Fig. 27 ). In contrast with the fossils of Cronquistiflora, there are no hairs on the pedicel or at the bases of the bracts (Fig. 27 ). The cupulate receptacle of Detrusandra terminates in a definitive rim that bears a tight spiral of ovate perianth parts 32) . The perianth segments expand dramatically so that each one invests about one-third of the area of the floral surface (Fig. 24 ). There is a notable abaxial indumentum of elongate hairs on the perianth parts ( Fig. 24) . Laminar lanceolate stamens are attached internally to the rim of the cupulate receptacle . Stamens incurve sharply with their distal tips inserted between the pistillodes and receptacular wall at the base of the flowers (Figs. 29, 30 ). There are four adaxial pollen sacs approximately in the middle of the stamen that are closed by valves (Figs. 33, 34 ). Pollen sacs are sometimes unevenly filled (Fig. 34) . Connective tissue of the stamens is replete with large spherical cells suggestive of ethereal oil cells (Fig. 33) . Pollen is copiously preserved in some anther sacs but is collapsed, suggesting that it is thin-walled (Fig. 35) . Pollen is small (average diameter ϭ 17 m) with a reticulate exine and apparent tectate columellate infrastructure (Figs. 35, 36 ). There are no well-defined apertures, but there are occasional smooth areas that appear to be sulcoid in nature (Fig. 36) .
There are no appendages between the attachment of the stamens near the rim of the receptacle and the sterile structures surrounding the carpels at the base of the receptacle (Figs. 29, 30 ). These sterile structures are dorsiventrally flattened and often have a weakly developed abaxial keel (Fig. 37) . In the distal epidermis of these structures (? pistillodes) the relatively large epidermal cells are almost uniformly preserved without intact periclinal walls (Fig. 38) . Within the pistillodes is a whorl or tight spiral of five carpels. These are conduplicate with bilobed stigmas (Figs. 37, 38 ). There are two rows of at least six winged seeds borne in each carpel.
DISCUSSION
Affinities-Although superficially similar to the flowers of several modern magnoliid taxa, Cronquistiflora and Detrusandra have unique combinations of features relative to the flowers of living magnoliids, known fossil magnoliids, and to one another. They clearly represent extinct taxa (Table 1; Cronquist, 1981; Kubitzki, Rohwer, and Bittrich, 1993; Takhtajan, 1997) . The fossils do share numerous characters with several genera of modern magnoliids having cupulate receptacles (i.e., Eupomatia, Calycanthus, Idiospermum, and genera in the families Himantandraceae and Monimiaceae) as well as sharing characters with noncupulate magnoliids (e.g., some Winteraceae). For example, Cronquistiflora has much in common with flowers of extant Eupomatia bennettii (Eupomatiaceae, Magnoliales sensu Cronquist, 1981; Takhtajan, 1997) . This similarity is supported by several characters, including the cup-like receptacle, broad ovate stamens with adaxial sporangia, numerous spirally arranged carpels each with several marginally attached seeds. However, Cronquistiflora had external bracts on its cup-like receptacle in contrast to the naked receptacles of extant Eupomatia (e.g., Cronquist, 1981; Takhtajan, 1997) , and Cronquistiflora does not have zonasulculate pollen. Similarities between Cronquistiflora and modern Eupomatia are also supported by the arrangement, shape, and epidermal features (especially in the stigmatic regions) of the carpels. Again, there are differences. In Eupomatia, but not in Cronquistiflora, the carpels are reported to be basally connate and are closely appressed in the fruiting stage, although they separate easily at maturity (direct observation of herbarium specimens). Cronquistiflora also differs from Eupomatia bennettii in not having secretory tufts on the stamens (Endress, 1984) .
In modern taxa included in Subclass Magnoliidae by Cronquist (1981) and Takhtajan (1997) , enlarged cup-like receptacles also occur in taxa that have traditionally been allied with Laurales in the families Calycanthaceae and Idiospermaceae (Cronquist, 1981) , and delayed enlargement of the receptacle to form a cup-like structure occurs in some Lauraceae (e.g., Ocotea). Calycanthaceae and Idiospermaceae also share several other characters with Cronquistiflora and Detrusandra. However, like Lauraceae, the modern calycanthoid genera (Calycanthus, Chimonanthus, Sinocalycanthus, and Idiospermum) always have a reduced number of ovules (usually two, often with only one functional) per carpel (Cronquist, 1981; Kubitzki, Rohwer, and Bittrich, 1993; Ying, Zhang, and Bufford, 1993; Takhtajan, 1997) . As in the fossils, the modern calycanthoids also have bracts on the outside of the floral receptacles and petaloid tepals attached near the rim of the receptacle that might be compared with the large flower-investing bracts of Detrusandra. In contrast, the Calycanthaceae have staminodes internal to the stamens, a feature not observed in Detrusandra (but see discussion below). Pollen sac position constitutes another difference between cupulate calycanthoid taxa and Detrusandra. The calycanthoid taxa have marginal/abaxial pollen sacs. Calycanthus has stamens different from those of the fossils in having modified connective extensions (food bodies), and filaments that are more or less terete (as does Chimonanthus). Most calycanthoids (Idiospermum excepted) have extended styles, another distinct difference relative to the fossil taxa. These modern Laurales (or Magnoliales sensu Endress, 1990 ) also do not have the flat-topped presentation of the contiguous stigmas into a tight, platform-like surface that is found in both Cronquistiflora and Eupomatia. Such a stigmatic array may also be approximated by some Annonaceae, although among other characters separating the fossils from this family are the lack of a cupule-like receptacular structure in Annonaceae, their usual one ovule/carpel, and rather different stamens (e.g., Cronquist, 1981; Kubitzki, Rohwer, and Bittrich, 1993; Takhtajan, 1997) . Fossils also differ from Calycanthaceae in having scalariform perforation plates. Winged, apparently arillate, seeds also make [Vol. 85 AMERICAN JOURNAL OF BOTANY Fig. 40 . The consensus tree of five most parsimonious trees generated by the addition of Cronquistiflora to the Donoghue and Doyle (1989) matrix.
the fossils unique relative to modern members of the Calycanthaceae and Eupomatiaceae. In additon, Detrusandra has pistillodes immediately surrounding the carpels, but well separated from the stamens. This character separates this fossil from the other genera, but Calycanthus does have staminodes that intergrade into pistils and at their inner extreme that appear, morphologically, more similar to pistils. While Detrusandra shares some characters with the Calycanthaceae, there are numerous differences in addition to those that have been mentioned above (Cronquist, 1981; Takhtajan, 1997;  Table 1 ). These include having several seeds/carpel in Detrusandra and a more or less sessile bilobed stigma (Figs. 37, 38) , in contrast to the elongate styles of Calycanthaceae (except Idiospermum). Other families sharing notable characteristics with Detrusandra include Winteraceae (the cycle or low spiral of generally similar carpels) and Austrobaileyeaceae (bilobed stigmas; e.g., Kubitzki, Rohwer, and Bittrich, 1993) .
Because Cronquistiflora and Detrusandra share numerous characters with various families of Magnoliidae, it is difficult to associate the fossils with any particular extant families on the basis of raw character similarity. The fossils show mosaics of characters now distributed primarily, but not exclusively, among different genera and different families of modern Magnoliales and Laurales (sensu Cronquist, 1981; Kubitzki, Rohwer, and Bittrich, 1993; Takhtajan, 1997;  Table 1 ) or, by other authors, all included within Magnoliales (Endress, 1990) . Fossils that show mosaics of characters relative to modern taxa present an interesting challenge. As with all such fossils, their mosaicism makes them hard to place taxonomically without a high degree of subjective interpretation. At the same time, they potentially present phylogenetic opportunities and are attractive candidates for phylogenetic analysis. One might hope that such an approach could resolve the difficulties noted above by objectively placing the fossil taxa in a hierarchy with mod- Fig. 41 . The consensus tree of 16 most parsimonious trees resulting from the inclusion of Detrusandra alone in the Donoghue and Doyle (1989) matrix. ern taxa based on synapomorphies. Of course, reciprocally, the addition of fossil data to cladistic analyses may change the results of analyses to favor different phylogenetic hypotheses and, thus, fossil data may directly affect our conclusions about phylogenetic history (Patterson, 1981; Donoghue et al., 1989) . However, successful taxonomic placement of the fossils through phylogenetic analyses depends on the existence (or creation) of an appropriate data matrix and also depends on having an appropriate number of characters available from the fossil taxon relative to those in any data matrix representing living taxa. Problems inherent in the inclusion of fossil taxa in cladistic analyses include excessive missing values and difficulty in homology assessment (see Nixon, 1996) . The fossils presented here are represented only by floral morphology and so lack character data for all vegetative characters, as well as the chemical and cytogenetic characters often included in "morphological" data sets. However, because of the exquisite preservation of the floral parts that are available, homology assessment of the available characters is not hampered to the extent that it usually is in compression and impression fossils, where details of structures are sometimes obscure.
Detrusandra and Cronquistiflora were added as terminals to matrices from three separate published data sets. That of Lammers, Stuessy, and Silva (1986) included a relatively high proportion of floral characters, but proved to be too small a matrix to be very stable or informative when the fossil taxa and attendant missing values were incorporated into the analysis. Another matrix that also included a high number of reproductive characters was that of Donoghue and Doyle (1989) . This matrix included some tricolpate pollen-bearing taxa in addition to magnoliids. We also used a slightly modified seed plant data matrix based on the published matrix of Loconte and Stevenson (1991) . The computer program NONA (Goloboff, 1993) was used to analyze these augmented published matrices. Searches for most parsimonious trees were implemented using 100 randomized taxon entry sequences and TBR (tree bisection reconnection) branch swapping holding 20 starting trees for each iteration (hold/20; mult * 100), followed by complete TBR swapping of all shortest trees found in the initial 100 analyses (max * ). A strict consensus was calculated for each set of most parsimonious trees ("nelsen"). Trees were saved and then printed using Clados (Nixon, 1994) .
We analyzed the Doyle and Donoghue (1989) matrix, as originally published, and rooted with a hypothetical basal angiosperm (ANC) in order for our results to be comparable. Problems with this approach have been pointed out by various authors (see Nixon and Carpenter, 1993; Nixon et al., 1994; Nixon, 1996) . We ran the matrix with one fossil taxon at a time and with both fossil taxa simultaneously. The results of these three analyses differed. With Cronquistiflora only, the analysis produced five most parsimonious trees of 178 steps (CI [Consistency Index] ϭ 38, RI [Retention Index] ϭ 59). It is interesting to note that there were 27 equally parsimonious trees (178 steps; CI 38, RI 58) in the analysis of the data matrix without the fossil (Fig. 39) and that the consensus tree including the fossil Cronquistiflora (Fig.  40) was much more resolved than the consensus tree based only on the Donoghue and Doyle matrix of 1989 (Fig. 39 vs. Fig. 40 ). In the analysis that includes Cronquistiflora, the fossil is sister group to a clade composed of Eupomatiaceae and 21 other families (Fig. 40) . Although Cronquistiflora did not group directly with Eupomatiaceae, and Calycanthaceae, patristically it is relatively close to these two families, suggesting similarity due to retained plesiomorphic features, as manifested in the cup-like floral receptacles of these taxa. This realignment of taxa within Magnoliidae raises the possibility that angiospermous taxa with tricolpate pollen (or tricolpate-derived pollen) might have been derived from an ancestral plexus of taxa that were united by an axial or otherwise derived cup-shaped receptacle.
If Detrusandra is included, but Cronquistiflora excluded from the Donoghue and Doyle matrix, parsimony analysis results in 16 trees of 181 steps in length (CI ϭ 38, RI ϭ 58) and a corresponding loss of resolution in the consensus tree (Fig. 41) . The loss of resolution in the consensus tree is caused by different positions of Detrusandra in different most parsimonious trees. It sometimes joins a monophyletic group that includes Illiciaceae, [Vol. 85 AMERICAN JOURNAL OF BOTANY Fig. 42 . Consensus tree of nine most parsimonious trees generated by including both Cronquistiflora and Detrusandra in the analysis of the Donoghue and Doyle (1989) matrix. Schizandraceae, and Winteraceae and in other most parsimonious trees is grouped with lower Magnoliidae. If both fossils are incorporated in the analysis, then only nine most parsimonious trees of 180 steps (CI 38; RI 58) are generated and there is a fair degree of resolution in the consensus tree (Fig. 42) . As in the most parsimonious trees that include only Cronquistiflora, that fossil taxon is sister group to a clade composed of Eupomatiaceae and 21 other extant families (Fig. 42) . Detrusandra becomes part of a polytomy that includes Winteraceae, Cannelaceae, Illiciaceae ϩ Schizandraceae and a mixed clade of higher angiosperms (Fig. 42 ). Other differences in our results from the original published matrices are not worth dwelling on at this point, because they are generated on the basis of relatively small data matrices to begin with, and the inclusion of the fossils, with relatively high numbers of missing data, introduces another degree of uncertainty. When more complete matrices are available, more reliable results might be obtained, both with and without the fossils. Nonetheless, there is some consistency in the broad placement of the fossil taxa relative to extant families.
We repeated the analyses with a modified Loconte and Stevenson data matrix (1991; modified matrix and rationale for modifications are available on request). When only Cronquistiflora is included in the analysis (12 equally parsimonious trees, length ϭ 521, CI 28, RI 64), it comes out as a sister taxon to all angiosperms other than Calycanthaceae ϩ Idiospermum and with them forms the monophyletic group that includes all angiosperms (Fig.  43) . When Detrusandra only is included in the Loconte and Stevenson matrix (32 equally parsimonious trees, length ϭ 521, CI 28, RI 64), it comes out as a sister taxon to a clade that includes the "higher" angiosperms and with them forms a monophyletic group that is the sister group of a clade of magnoliids that have flowers with a whorled carpel arrangement (Illicium, Schizandra, Amborella, Winteraceae [note some authors interpret the gynoecium of Winteraceae as a close spiral]). These form a polytomy with various laurads that is subtended by traditional Magnoliales with Idiospermum and Calycanthaceae basal to all angiosperms as in all iterations of trees based on the Loconte and Stevenson data matrix (Fig.  44) . When both fossil taxa are included in the analysis (51 equally parsimonious trees, length ϭ 524, CI 28, RI 64), they come out pectinately, Detrusandra following Cronquistiflora, between the Magnoliales (and some Laurales, sensu Cronquist, 1981) and the "higher" angiosperms (or so-called "eudicots"; Donoghue and Doyle, 1989; Fig. 45) , again suggesting the possibility that the fossil cupulate Magnoliidae may be transitional between some group of Magnoliales and "higher" angiosperms. This possibility, as noted above, requires confirmation based on phylogenetic analyses of more detailed data matrices, but it is roughly consistent with the fossil record. Although there are some remarkable reproductive remains of Magnoliales reported from the Cenomanian (Dilcher, 1979; Crane and Dilcher, 1984; Dilcher and , the earlier fossil record of Magnoliales is not extensive (Crane, Friis, and Pedersen, 1995) . However, cupulate magnolialean flowers are known from Albian deposits about the same time that Hamamelididae appear in the fossil record (Crane, Friis, and Pedersen, 1995) .
While not conclusive, these analyses support the general magnoliid affinities of the fossils Cronquistiflora and Detrusandra and suggest that they are early magnoliid taxa that are not closely related to any extant, modern magnoliids. Placement of such fossils is hampered not only by problems of missing data, but also by a lack of reliable higher level synapomorphies for resolving relationships above the family level within the broad "magnoliid" group. It is interesting to note that even molecular studies of different genes produce radically different results for these families, and such disparity is often explained as "long branch attraction." Perhaps we are experiencing the same phenomenon with the morphological characters, or perhaps, with more careful morphological analyses, characters will become available that can provide resolution at this level. In the meantime, the exact relationships of Cronquistiflora and Detrusandra to modern angiosperms will remain a mystery. However, because of the striking morphological similarities of these fossil flowers to modern Eupomatiaceae, a discussion of the pollination syndromes of the latter family is germane to understanding the fossil flowers.
Pollination biology of Eupomatiaceae is complex and involves a coordinated sophisticated set of structural, chemical, and, on the part of the beetle pollinators, complicated and specific, interactions (e.g., Armstrong and Irvine, 1990) . Whether or not the fossils described here had similar syndromes of pollination is to some extent a matter of conjecture. The fossils, however, do share many of the structural features found in modern Eupomatiaceae and the presence of apparent ethereal oil cells suggests that there may have been chemical similarities as well. Curculionidae include the pollinators of extant Eupomatia (the genus Elleschodes; Armstrong and Irvine, 1990) and the curculionids are diverse by the Upper Cretaceous, as well as being represented in the same sediments as these fossil flowers (unpublished data). Minimally, the fossil taxa suggest that structural adaptations consistent with beetle pollination had evolved in Magnoliidae at least by the Turonian.
Paleoclimate-The fossil locality in Sayreville, New Jersey, was in southern Laurasia in a low-middle latitudinal position on the north side of the warm Tethyan Sea at the time of deposition of the fossil taxa described here (Parrish, Curtis, and Barron, 1982) . Paleoclimatic data (Bowen, 1966) , including leaf margin analyses (Upchurch and Wolfe, 1987) , suggest that the climate was tropical or subtropical. In contrast, data on the carbon isotope content in Cenomanian to Lower Turonian marine sediments suggest the possibility that this interval was characterized by global climatic cooling (Arthur, Dean, and Pratt, 1988) . The interpretation of the paleoclimate as subtropical to tropical is consistent with the affinities of other fossil taxa now known from this locality to modern taxa with largely tropical extant distributions (e.g., Crepet et al., 1992; Herendeen, Crepet, and Nixon, 1993, 1994; Nixon and Crepet, 1993; Crepet and Nixon, 1994 , 1996 , 1998 Crepet, 1996; Gandolfo et al., 1997; Gandolfo, Nixon, and Crepet, 1998a, b; Nixon, Weeks, and Crepet, in press ).
Finally, it should also be noted that a majority of fossils from the New Jersey Turonian site are exceptionally small relative to flowers of related modern taxa. It is not clear whether or not this phenomenon is due to bias for smaller objects imposed by depositional sorting. Certainly, uniform shrinkage is associated with the phenomenon of charcoalification, but only to the extent of 30-50% (Lupia, 1995) . Thus, even allowing for estimates of preservation mode associated shrinkage, these fossils probably represent flowers that were extremely small in life. If these general sizes are indeed reflective of the true dimensions of the Cretaceous taxa, they may have some functional implications, perhaps involving pollinator relationships. It is interesting to consider whether increasing size of the flowers through time might also have been related somehow to their evolutionary relationships with pollinators.
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